The objective of this study was to investigate the effect of weeds and fertilizer application on dry bean seed quality. Four dry bean (Phaseolus vulgaris L.) cultivars, Caledon (C), Ukulinga (U), Gadra (G) and uMtata (M) were planted for seed production using a field experiment designed as a split, replicated three times. There were three levels of weeding W0 (no weeding), W1 (weeding until 50% flowering) and W2 (weeding all the time until harvest). The weeding treatments were split into no fertilizer application (F0) and optimum fertilizer application (F1) according to soil fertility analysis. At harvest maturity, seeds were compared for quality with respect to size, germination and total protein content. Proline content was determined as a measure of crop response to the weed and fertilizer stresses during crop production. Although seed size was affected by management stress, seed germination was not significantly affected by weeding and fertilizer even when it was explored in terms of seed vigor by determining rate of germination and seedling size. However, weed management and fertilizer application significantly affected proline and total crude protein contents in seeds (P < 0.05). The findings of this study show that the biotic stress of weeds and abiotic stress of soil fertility can be used to determine seed physiological quality of dry bean seeds.
Introduction
Dry beans (Phaseolus vulgaris L.) are primarily used for worldwide human consumption with an increasing * Corresponding author.
demand [1]-[3]
, especially for lower income societies where the crop provides suitable dietary proteins [4] - [6] . The crop is also a rich source of dietary fibre, starch, folate, minerals and vitamins with low amounts of fat and sodium [2] . As is the case for all grain, fodder and vegetable crops, successful dry bean production begins with high quality seed [7] . Seed quality can be influenced by biotic and abiotic environmental conditions during growth and storage before planting. Seed physical and physiological or biochemical qualities are important for seed quality determination. Although seed physiology is an important aspect of seed quality, it is used to a limited extent, mainly in terms of seed viability and germination. Seed viability and germination provide a general indication that the activity of dormancy-breaking enzymes (e.g. alpha-amylase) and phytohormones (e.g. gibberrelic acid) can be confirmed.
Weed management offers more than just eliminating the existing weed population which is the case in weed control. This phenomenon emphasizes weed prevention, reduction of weed emergence after crop planting and minimizing the weed-crop competition [8] . Therefore, weed management is a preventive measure contrary to weed control which is a curative approach. Furthermore, weed management puts great emphasis on the integration of techniques, knowledge and management skills [9] . It has been argued [10] that the phenomenon of weed management depends on varying degrees of crop growth vigor despite the farming practices and environmental diversity where crops are grown. It is crucial to ensure timely weed control before any crop loss, and this should be repeated until late emerging weeds no longer reduce yield [11] . The span time to which crops can tolerate weed interference is very short with variation in pattern of weed growth relative to crops [10] . Preventing yield losses in the field requires the absence of weeds for 5 to 7 weeks after planting [12] . Although there is existing control strategies used to ameliorate weeds problem, there is still a threat in agricultural productivity posed by weeds [13] . Therefore, high level of management is required in dry bean cultivation, more so since the crop is also susceptible to a number of stresses unrelated to weeds [14] . Dry bean yield can be improved several folds with the adoption of appropriate crop management practices [3] . Therefore, implementation of a proper weed management strategy is very important to avoid yield losses [15] .
Plant competition and community dynamics are determined and altered by fertilization (nutrient availability) management and timing relative to crop and weed demands upon nutrient supplies [13] [15] . Specific responses of fertilizer application vary depending on the nature of the weed-crop association [16] . However, the interactions between weeds and crops can be influenced by crop fertilization strategy [14] . Therefore, fertility management ensures that crops maximize nutrient uptake and minimize nutrient availability to weeds, thereby reducing weed impact [15] . Moreover, the type of crop and weed species determine the net effect of fertilization on crop yield [17] . Dry matter production of crops increases with an increase in soil fertility unless there is a competition with weeds [18] . Furthermore, the improvement of nutrient uptake by the crop fertilizer application management increases together with its competitiveness for other resources that might otherwise be available for weeds [8] [17] .
During initial growth stages, starving weeds may be enhanced by delayed nutrient application, and better matching nutrient supply with crop uptake capacity. However, fertilizer application before or at planting may detrimentally affect the crop through promotion of weed germination whenever weeds absorb nutrients earlier and more rapidly than crops [14] . Under high soil nutrient levels, weeds tend to be more competitive than crops and accumulate more nutrients, resulting in crop loss from weed impact [16] [17] . Evidence of this was shown in a study about the disadvantage of N fertilizer application which led to increased weed density, thus leading to crop yield decreases [19] .
Although research has been reported on the effects of weeds and soil fertility on crop performance from the agronomic perspective, there is a need to explain these factors from the seed quality perspective. The aim of this study was to investigate the possible interaction of weed and soil fertility stress on seed quality. The specific objective was on physical seed quality from the point of view of seed size, seed germination and chemical indicators of crop response to weed and soil fertility stress. The results presented here focus on seed size, chemical composition in terms of a stress indicator, proline, and crude protein content in seeds. No data for seed germination are shown since there are no significant effects of treatments on it at any level.
Materials and Methods
Four dry bean (Phaseolus vulgaris L.) cultivars, Caledon (C), Ukulinga (U), Gadra (G) and uMtata (M) purchased from Pro-seed were planted for seed production using a field experiment designed as a split, replicated three times. U, G and M have a determinate growth habit, whereas, C is indeterminate. There were three levels of weeding W0 (no weeding), W1 (weeding until 50% flowering) and W2 (weeding all the time until harvest). The planting density was 100,000 plants ha −1 . Weeding was done culturally using a hand-hoe and hand-pulling. Fertilizer treatments were split into no fertilizer (F0) and optimum fertilizer application (F1) before planting, using 2:3:2 [20] fertilizer according to soil analysis results (80 kg/ha N, 200 kg/ha P and 60 kg/ha K). The crop was grown under irrigation using 580 mm of water over the growing season (13 February-06 June) in 2014 (Figure 1) .
At harvest maturity [21] , seeds were manually harvested to determined seed quality in terms of 1000 seed mass and seed germination [22] . Protein analysis was conducted according to the Bradford method [20] , with some amendments. About 2 g DW of seed tissue powder was ground with electric blade grinder was used instead of 0.5 g plant. The sample was extracted in 5 ml 50 mM Tris-HCl buffer (pH 7.4). The Bradford dye (1 ml) was added to test tubes with 20 µl sample extract which was mixed and incubated at room temperature for five minutes in 1 ml plastic cuvettes. The samples were read from the spectrophotometer at 595 nm and the protein concentration was determined through the comparison of results with a standard curve constructed using bovine serum albumin.
Analysis for proline content (μmol•g −1 DW) was conducted according to [23] with the amendment of using seeds as plant material instead of using roots from field grown dry beans. Plant material was homogenized in 10 ml (3%) aqueous sulfosalicylic acid. Filtrate (2 ml), acid ninhydrin (2 ml) and glacial acetic acid (2ml) were reacted in a test tube for one hour at 100˚C and thereafter cooled in ice bath. Reaction mixture was extracted with toluene which was thoroughly mixed with a test tube stirrer. Absorbance was read at 520 nm using toluene as a blank and proline concentration was determined using a standard curve (and calculated as:
μg proline/ml ml toluene 115.5 μg/μmoles Proline g sample/5
Data from the study were analyzed by using Genstat ® version 16 software. When comparing means, standard error of the difference (SED) at a probability level of 5% was used. Statistical differences were accepted at P ≤ 0.05.
Results and Discussion
There were no significant differences between treatments and cultivars with respect to seed germination. Hence, no seed germination data are shown. However, there were significant (P < 0.001) differences between cultivars (Figure 2 ) and weeding regimes (Figure 3 ) with respect to 1000 grain mass. There were no significant interactions with respect to 1000 grain mass. Although the differences between cultivars can be ascribed to genetic variation, since there were no significant differences in their harvest maturity seed moisture content of about 15% (data not shown), it is clear from Figure 1 that cultivar Ukulinga was very resistant to weed stress and Caledon was very sensitive. There were highly significant (P < 0.001) effects of weeding regime on proline seed content (Figure 4) . Weeding treatment W0 led to about 14% more proline content in seeds compared with W1 and W2 (Figure 3) . This is an indication that W0 was most stressful than the other two weeding regimes. There was a minor (0.6%), but significant difference between weeding until 50% flowering and keeping the weeds until crop maturity (Figure 4 ) with respect to proline content. Fertiliser application significantly (P = 0.03) reduced (4.3%) seed proline content compared to no fertiliser application ( Figure 5) . Fertiliser application also significantly (P < 0.01) increased seed crude protein content ( Table 1) . The cultivars differed significantly (P = 0.02) with respect to crude protein content ( Table 1) .
Although there were no significant differences among weeding regimes, with respect to total crude protein, it is clear from Figure 6 that there was a negative relationship between seed protein and proline contents. According to [24] , proline is essential for primary metabolism as a proteinogenic amino acid and is exceptionally conformational rigid [25] . This compound is considered to be a compatible solute and a molecular chaperone that protects folded protein structures from denaturation. It is also considered a protein stabilizer for cell membranes by interacting with phospholipids, enhancing different enzymes activities, functioning as a hydroxyl radical . Weeding regime (W0 = no weeding; W1 = Weeding until 50% flowering; W2 = weeding until pod maturation) effects, with respect to proline and crude protein contents in dry been seeds across two fertiliser regimes and four cultivars (see Table 1 ).
scavenger, or serving as an energy and nitrogen source [25] [26] . There have been reports that proline contributes to osmotic adjustment and tolerance of plants exposed to unfavourable environmental conditions [27] . The increase in synthesis of osmoprotectants is a general metabolic adaptation enabling plants to cope with water or osmotic stress, and proline is a well-known osmoprotectant in plants [28] [29] . According to [30] in addition to drought, proline in higher plants tends to increase under different environmental stress conditions such as high salinity, high light and ultraviolet (UV) irradiation, heavy metals, oxidative stress as well as biotic stress [25] [27]. Free proline as an osmoprotectant might eliminate reactive oxygen species (ROS) and promote the antioxidant ability. This compound can also stabilize biological macromolecule structures, decrease cell activity and relieve the toxicity of ammonium ( 4 NH + ) [31] . Chemical changes in response to biotic and abiotic stresses have been observed in other studies [32] , although the plant tissue is different.
Conclusion
Crop nutrition and protection are key aspects of agronomy. In cases where grain crops are produced for seed, these factors become even more important, because their implications go beyond the farm product to the market value for future crop establishment. Seed science studies generally focus on seed quality from the basic physical norms, viability, germination and vigour. This study showed that simply relying on the norms for testing seed quality might lead to the conclusion that some important biotic and abiotic stresses had no effect. This study showed that although seed germination was not affected by weed infestation and suboptimal soil fertility, these factors affected an important aspect of seed quality, 1000 grain mass. As expected, 1000 grain mass was negatively affected by weed infestation and this was countered by optimum fertiliser application. The major finding of this study was showing that the biotic and abiotic stresses caused by weeds and poor soil fertility, respectively, could be linked to physiological indicators of seed quality, seed protein and proline. Given that proline has already been shown to be associated with plant protection against water stress, it would be interesting to use the results of this study to develop a model for testing seed quality in the context of agronomic practices and environmental stress. 
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